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DISCLAIMER 

These programmatic Preliminary Remediation Goals (PRG) are generally applicable to all 
Operable Units (OU) at the Rocky Flats Plant. OU-specific circumstances may disqualify some 

or all of these PRGs from consideration at an OU. For example, the ground water PRGs may 

not be applicable at OUs where the ground water is not of sufficient quantity or quality to 

support a household. Also, an exposure scenario such as a residential area may not be 

applicable in areas where commerciaVindustrial facilities are present and are expected to 

continue for the long term. 
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PROGRAMMATIC PRELIMINARY REMEDIATION GOALS FOR 

ROCKY FLATS PLANT 

INTRODUCTION 

Risk-based programmatic preliminary remediation goals (PRGs) were calculated for target 

analyte list (TAL,) metals, target compound list (TCL) organics, and select Rocky Flats Plant- 

specific radionuclides. The PRGs were based on a residential exposure, comrnerciallindustrial 

exposure, and exposure of onsite ecological researchers. PRG calculations followed 

Environmental Protection Agency guidance (USEPA, 1989 and 1991) and were supplemented 

with site-specific information. These PRGs provide benchmark concentrations for use during 

analysis and screening of remedial alternatives. The following sections provide a discussion of 

the exposure assumptions and the toxicity information used in the calculation of the 

programmatic PRGs. 

EXPOSURE ASSUMPTIONS 

Programmatic PRGs were calculated for three exposure scenams: redential, 

commercialhdustrial, and ecological researcher. The pathways addressed for each of these 

scenarios are: 

residential - 

R9-21-1O.W 

ingestion of drinking groundwater; 

inhalation of volatiles from groundwater; 

ingestion of surface water while swimming; 

ingestion of soil; and 

direct external exposure to soils. 
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commerciallindustrid - ingestion of soil; 

inhalation of soil particulates; and 

direct external exposure to soils. 

ecological researcher - ingestion of surface water during wading; 

ingestion of soil; and 

direct external exposure to soils. 

Standard assumptions given in Risk Assessment Guidance for Superfund (RAGS), Part 

B (USEPA, 1991) were used in developing PRG equations where available. For situations not 

addressed by RAGS, Part B, standard assumptions given in RAGS, Part A (USEPA, 1989) 

were used. In addition, site-specific information was used where appropriate to supplement 

assumptions given in USEPA guidance. Separate carcinogenic and non-carcinogenic risk-based 

PRGs were calculated for each compound for each receptor where toxicity information was 

available. Equations are provided in the attached Tables 1 through 18. 

For residential use of groundwater and soil (Tables 1, 2, 5, 6 and 16) all exposure 

parameters were taken from RAGS Part B. For ingestion of surface water while swimming 

(Tables 3, 4, and 1 3 ,  exposure parameters were taken from RAGS Part A, and RAGS Part B 

with the exposure time taken from site-specific information. For cornmercialhndustrial exposure 

to soils (Tables 7 and 8), exposure parameters were taken from RAGS Part B, except that site- 

specific information was used for the workday inhalation rate and particulate emissions. The 

workday inhalation rate was based on an inhalation rate of 0.83 cubic meters per hour over an 

8-hour day. The particulate emission rate was based on information presented in the Rocky 
Flats Plant Site Environmental Report (1991). For exposure of ecological workers to surface 

water while wading (Tables 9 and lo), to soil via ingestion (Tables 11 and 12), and to 

radionuclides (Tables 15 and 18), standard assumptions in RAGS Part A and RAGS Part B were 

supplemented with site-specific information on exposure frequency and exposure duration. 

Radionuclide exposure equations were updated from RAGS Part B in accordance with guidance 



I 

received from USEPA Region VI11 in order to make units compatible with the most recent 

toxicity information. 

TOXICITY INFORMATION 

Toxicity information used in the calculation of risk-based PRGs included the reference 

dose (RfD) and the reference concentration (RfC) for evaluating noncarcinogenic effects and the 

slope factor and unit risk for evaluating carcinogenic potential. Values were obtained from the 

Integrated Risk Information System ( IR IS )  (January 1994). If values were not available from 

IRIS, the Health Effects Assessment Summary Table (HEAST) (USEPA, 1993) was consulted. 

Toxicity information is included in Table 19. 

DEVELOPMENT OF PROGRAMMATIC PmLIMINARY 
REMEDIATION GOALS 

PRGs were calculated for each of the three future scenarios: residential, 

commercialhndustrial, and ecological worker. For the residential scenario, PRGs were 

calculated for target analytes in soil, groundwater, and surface water. For the 

commercial/industrial scenario, PRGs were calculated for target analytes in soil. For the 

ecological worker scenario, PRGs were calculated for target analytes in soil and surface water. 

In accordance with RAGS Part B, PRGs for potential carcinogens were calculated to correspond 

to a lifetime excess cancer risk of one in a million, and PRGs for noncarcinogens were 

calculated to correspond to a target hazard index of one. Where a chemical had both 

carcinogenic and noncarcinogenic endpoints, the lower of the two resulting PRGs was the 

selected PRG. Programmatic PRGs are presented in Table 19. 

R9-21-1o.wPF 4 
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TABLE 1 

RESIDENTIAL USE OF GROUNDWATER - PRG CALCULATIONS FOR NONCARCINOGENIC EFTJXTS 
ROCKY FLATS PLANT, GOLDEN, CO 

THI = C x IRwx EF x ED 
RfDo x BW x AT 

+ C x K x IRa x EF x ED 
RfDi x BW x AT 

- - THI x BW x AT 

EF x ED x [(l/RfDi x K x IRa) + (l/RfDo x IRw)] -- 

where: 

Parameters 

C 
THI 

RfDi 
BW 
AT 
EF 
ED 
IRw 
IRa 
K 

RfD, 

Definition (units1 

chemical concentration in water (mg/L) 
target hazard index (unitless) 
oral chronic reference dose (mgkg-day) 
inhalation chronic reference dose (mgkgiday) 
adult body weight (kg) 
average time (days) 
exposure frequency (daydyr) 
exposure duration (yr) 
daily water ingestion rate (Llday) 
daily indoor inhalation rate (&day) 
volatilization factor (unitless) 

Default Value 

- 
1 
chemical-speci fic 
chemical-speci fic 
70 kg 
ED x 365 days/yr 
350 dayslyr 
30 yr 
2 L/day 
15 mVday 
0.0005 x loo0 L/m3 

Source: RAGS Part B 

R9-19-1O.WPF 



TABLE 2 

RESIDENTIAL USE OF GROUNDWATER - PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 
ROCKY FLATS PLANT, GOLDEN, CO 

TR = SFo x C x IRw x EF x ED 
BW x AT 

+ SFi x C x K x IRa x EF x ED 
BW x AT 

I EF x ED x [(SFi x K x IRa) + (SFo x IRw)] 

where: 

Parameters 
C 
TR 
SFo 

BW 
AT 
EF 
ED 
IRa 
IRw 
K 

I 

SF, 

Definition (units) 
chemical concentration in soil (mgkg) 
target excess individual lifetimecancer risk (unitless) 
oral cancer slope factor (llmgkg-day) 
inhalation cancer slope factor (llmgkg-day) 
adult body weight (kg) 
average time (days) 
exposure frequency (dayslyr) 
exposure duration (yr) 
daily indoor inhalation rate (m3/day) 
daily water ingestion (Llday) 
volatilization factor (unitless) 

Default Value 

10 -6 

chemical-specific 
chemical-speci fic 
70 kg 
70 yr x 365 'dayslyr 
350 dayslyr 
30 yr 

2 Llday 
O.OOO5 x lo00 L/m3 

- 

0 15 m3/day 

Source: RAGS Part B 

R9-19-1O.WF 



TABLE 3 

RESIDENTIAL USE OF SURFACE WATER WHILE SWIMMING- PRG CALCULATIONS FOR NONCARCINOGENIC EFFECTS 
ROCKY FLATS PLANT, GOLDEN, CO 

THI = 

c ( m g U  

where: 

Parameters 

C 
THI 
RfD, 
BW 
AT 
EF 
ED 
CRw 
ET 

C x CRw x E T x  EF x ED 
RfDo x BW x AT 

= T H I x B W x A T x R f D o  
CRw x ET x EF x ED 

Definition (units1 

chemical concentration in water (mglL) 
target hazard index (unitless) 
oral chronic reference dose (mgkg-day) 
adult body weight (kg) 
average time (days) 
exposure frequency (dayslyr) 
exposure duration (yr) 
contact rate (Llhour) 
exposure time (hourslday) 

Default Value 

1 
chemical-speci fic 
70 kg 
ED x 365 dayslyr 
7 dayslyr 
30 yr 
0.05 Llhour 
2.6 hourslday 

Source: RAGS PART A; Site-specific information from OUs 2,s and 6. 

R9-19-10.WPF 
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TABLE 4 

RESIDENTIAL USE OF SURFACE WATER WHILE SWIMMING - PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 
ROCKY FLATS PLANT, GOLDEN, CO 

TR = 

c (mg/L) 

where: 

Parameteq 

C 
TR 

BW 
AT 
EF 
ED 
CRw 
ET 

SFO 

C x CRw x ET x EF x ED x SFo 
BW x AT 

- - TR x BW x AT 
CRw x ET x EF x ED x SFo 

Definition (units) 

chemical concentration in water (mg/L) 
target excess individual lifetime cancer risk (unitless) 
oral cancer slope factor (1 Imgkgday) 
adult body weight (kg) 
average time (days) 
exposure frequency (dayslyr) 
exposure duration (yr) 
contact rate &/hour) 
exposure time (hourslday) 

Default Value 

10 -6 

chemical-speci fic 
70 kg 
70 x 365 dayslyr 
7 dayslyr 
30 yr 
0.05 Lhour 
2.6 hourslday 

Source: RAGS Part A; Sitespecific information from OUs 2,3, and 5. 

R9-19-1O.WPF 



TABLE 5 
RESIDENTIAL SOIL - PRG CALCULATIONS FOR NONCARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

THI = 

where: 

Parameters 
C 
THI 
RfDo 
AT 
EF 
ED 
IFsoil-adj 

where: 

Parameters 
BWage 1-6 
BWage 7-3 1 
EDage 1-6 
EDage 7-3 1 
IRsoil-age 1-6 
IRsoil-age 7-3 1 

C x lod kdmg x EF x IFsoil-adi 
RfDo x AT 

THI x AT 
l/RfDo x lob kg/mg x EF x IFsoil-adj 

Definition (units) 
chemical concentration in soil (mgkg) 
target hazard index (unitless) 
oral chronic reference dose (mgkg-day) 
average time (days) 
exposure frequency (days/yr) 
exposure duration (yr) 
age-adjusted ingestion factor (mg-yrkg-day) 

IFsoil-adj (mg-yrkg-day) = IRsoil-age 1-6 x EDage 1-6 + 
BW age 1-6 

Definition (units) 
average bpdy weight from ages 1-6 (kg) 
average body weight from ages 7-31 @g) 
exposure duration during ages 1-6 (yr) 
exposure duration during ages 7-31 (yr) 
ingestion rate of soil age 1 to 6 (mgkg) 
ingestion rate of soil age 7 to 31 (mgkg) 

Default Value 

1 
chemical-speci fic 
ED x 365 days/yr 
350 dayslyr 
30 yr 
114 mg-yrkg-day 

IR soil-age 7-31 x EDaee 7-31 
BWage 7-31 

Default Value 
15 kg 
70 kg 
6 Y' 
24 yr 
200 mglday 
100 mg/day 

Source: RAGS Part B 

R9-19-10.WPF 



TABLE 6 
RESIDENTIAL SOIL - PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

TR = 

C m g k g  = 

where: 

Parameters 

C 
TR 
SFo 

EF 
ED 
IFsoil-adj 

' AT 

C x SFo x 106 ka/me x EF x IFsoil-adj 
AT 

TR x AT 
SFo x lo6 kg/mg x EF x IFsoil-adj 

Definition (units) Default Value 

chemical concentration in soil (mgkg) 
target excess individual lifetime cancer risk (unitless) 
oral cancer slope factor ( 1 /mglkg-day) 
average time (days) 
exposure frequency (dayslyr) 
exposure duration (yr) 
age-adjusted ingestion factor (mg-yrkgday) 

where: IFsoil-adj (mg-yrkg-day) = IRsoil-aae 1-6 x EDage 1-6 + 
BW age 1-6 

Parameters 
BWage 1-6 
BWage 7-31 
EDage 1-6 
EDage 7-3 1 
IRsoil-age 1-6 
IRsoil-age 7-3 1 

Definition (units) 
average body weight from ages 1-6 (kg) 
average body weight from ages 7-31 (kg) 
exposure duration during ages 1-6 (yr) 
exposure duration during ages 7-3 1 (yr) 
ingestion rate of soil age 1 to 6 (mgkg) 
ingestion rate of soil age 7 to 31 (mglkg) 

- 
10 
chemical-speci fic 
ED x 365 daydyr 
350 dayslyr 
30 yr 
114 mg-yrkg-day 

IR soil-age 7-31 x EDaee 7-31 
BWage 7-31 

Default Value 
15 kg 
70 kg 
6 Yr 
24 yr 
200 mg/day 
100 mg/day 

Source: RAGS Part B 

R9-19-10.WPF 



TABLE 7 

PRG CALCULATIONS FOR NONCARCINOGENIC EFFECTS 
COMMERCIAL/INDUSTRML SOILS - 

ROCKY FLATS PLANT, GOLDEN, CO 

THI = C x lod kelmn x EF x ED x IR,, + 
RfD, x BW x AT 

C x EF x ED x IR. x (PE) 
RfDi x BW x AT 

Cmgkg ;  = THI x BW x AT 

ED x EF x [((MUDo) x lod kglmg x Im 4- ((l/RfDJ x I& x (PE))] 
where: 

Parameteq 
C 
THI 
R f D O  

RfDi 
BW 
AT 
EF 
ED 
R o d  

I R ,  
PE 

Definition (units) 
chemical concentration in soil (mgkg) 
target hazard index (unitless) 
oral chronic reference dose (mgkgday) 
inhalation chronic reference dose (mg/kg-day) 
adult body weight (kg) 
average time (days) 
exposure frequency (dayslyr) 
exposure duration (yr) 
soil ingestion rate (mglday) 
workday inhalation rate (m3/day) 
site-specific particulate emissions (kg/m3) 

Default Value 

1 
chemical-specific 
chemical-specific 
70 kg 
ED yr x 365 dayslyr 
250 dayslyr 
25 yr 
50 mglday 
6.64 m3/hr 
3.98 x 10” Kglm3 

Source: RAGS Part B; RFP Site Environmental Report, 1991. 

R9- 19- 10. WPF 
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TAB E 
COMMERCIAL/BNDUSTRIAL SOIL - PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

T R =  SF, x C x lo4 kg/mg x EF x ED x I%, + SF, x C x EF x ED x 1% x (PE) 

BW x AT BW x AT 

Cmglkg; = TR x BW x AT 

EF x ED x [(SF, x 10-6 kglmg x Im 4- (SFI x I R ,  x (PE)) 3 
where: 

Parameters 
C 
TR 
SFi 
SF, 
BW 
AT 
EF 
ED 
Ib 
I R ,  
PE 

Definition (units) 
chemical concentration in soil (mgkg) 
target excess individual lifetime cancer risk (unitless) 
inhalation cancer slope factor ((mg/kg-day]l) 
oral cancer slope factor ((mgkgday)”) 
adult body weight (kg) 
average time (days) 
exposure frequency (days/yr) 
exposure duration (yr) 
workday ingestion rate (mg/day) 
workday inhalation rate (m3/day) 
site-specific particulate emissions (kg/m3) 

Default Value 

lo4 
chemical-speci fic 
chemical-speci fic 
70 kg 
70 yr x 365 dayslyr 
250 dayslyr 
25 yr 
50 mg/day 
6.64 m3/day 
4.63 x lo;’ kg/m3 

Source: RAGS Part B; RFP Site Environmental Report, 1991 

R9-19-10.WPF 



TABLE 9 

ECOLGICAL WORKER EXPOSURE TO SURFACE WATER VIA WADING- PRG CALCULATIONS FOR NONCARCINOGENIC EFFECTS 
ROCKY FLATS PLANT, GOLDEN, CO 

THI = 

c (mg/L) 

where: 

Parameters 

C 
THI 

BW 
AT 
EF 
ED 
IRw 

RfD, 

C x IRw x EF x ED 
RfDo x BW x AT 

- - THI x BW x AT x RfDo 
I R w x E F x  ED 

Definition (units) 

chemical concentration in water (mg/L) 
target hazard index (unitless) 
oral chronic reference dose (mgkgday) 
adult body weight (kg) 
average time (days) 
exposure frequency (eventslyr) 
exposure duration (yr) 
intake rate (L/event) 

Default Value 

- 
1 
chemical-speci fic 
70 kg 
ED x 365 dayslyr 
7 eventslyr 
2.5 yr 
0.05 L/event 

~~ 

Source: RAGS Part A; Site-specific information from OUs 5 and 6. 

R9-19-10.WPF 
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TABLE 10 

ECOLOGICAL WORKER EXPOSURE TO SURFACE WATER VIA WADING - PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 
ROCKY FLATS PLANT, GOLDEN, CO 

TR = C x IRw x EF x ED x SFo 
BW x AT 

C (mg/L) = T R x  BW x AT 
IRw x EF x ED x SFo 

where: 

Parameters 

C 
TR 

BW 
AT 
EF 
ED 
IRw 

S F O  

Definition (units) 

chemical concentration in water (mg/L) 
target excess individual lifetime cancer risk (unitless) 
oral cancer slope factor (l/mg/kg-day) 
adult body weight (kg) 
average time (days) 
exposure frequency (eventdyr) 
exposure duration (yr) 
ingestion rate (Llevent) 

Default Value 

- 
10 -6 

chemical-specific 
70 kg 
70 x 365 dayslyr 
7 eventdyr 
2.5 yr 
0.05 Uevent 

Source: RAGS Part A; Site-specific information from OUs 5 and 6. 

R9-19-10.WF 



TABLE 11 

ECOLOGICAL WORKER SOILS - 
BRG CALCULATIONS FOR NONCARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

THI = C x 10" kglmg x EF x ED x I%, 

RfD, x BW x AT 

Cmgkg; = THI x BW x AT x RfD, 

ED x EF x (106 kg/mg x 1R.J 
where: 

Parameters 
C 
THI 

BW 
AT 
EF 
ED 

RfDo 

R J i I  

Definition (units) 
chemical concentration in soil (mg/kg) 
target hazard index (unitless) 
oral chronic reference dose (mg/kg-day) 
adult body weight (kg) 
average time (days) 
exposure frequency (dayslyr) 
exposure duration (yr) 
soil ingestion rate (mg/day) 

Default Value 

1 
chemical-specific 
70 kg 
ED yr x 365 dayslyr 
65 dayslyr 
2.5 yr 
50 mgIdayRfD, 

- 

Source: RAGS Part B; Site-specific information from OUs 4 3 ,  and 6. 

R9-19-1O.WPF 
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TABLE 12 

ECOLOGICAL WORKER SOIL - 
PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

TR - - SF, x C x lod kg/mg x EF x ED x I%;I 

BW x AT 

C mg/kg; TR x BW x AT 

risk based = I '  where: 
EF x ED x (SF, x lod kg/mg x I R A  

Parameters Definition (units) Default Value 
C chemical concentration in soil (mg/kg) - 

SFO oral cancer slope factor ((mg/kg-day)-') chemical-speci fic 
BW adult body weight (kg) 70 kg 
AT average time (days) 70 yr x 365 days/yr 
EF exposure frequency (daydyr) 65 dayslyr 
ED exposure duration (yr) 2.5 yr 
IR, soil ingestion rate (mg/day) 50 mg/day 

TR target excess individual lifetime cancer risk (unitless) lod 

Source: RAGS Part B; Sitespecific information from OUs 43, and 6. 

R9- 19- 10.WPF 



I TABLE 13 

RADIONUCLIDE PRGS: RESIDENTIAL SOIL - 
PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 

ROCKY F‘LATS PLANT, GOLDEN, CO 

- 

Total risk = RS x [(SF, x IO’glmg x EF x IFmadj) 4- (SF, x ED x (I-SJ x TJ] 

RS @Ci/g; 
TR - risk based) - 

(SF, x IO’ g/mg x EF x IFd dj) 4- (SF, x ED x ( l-So) x To) 

where: 

Parameters Definition (units) Default Value 

radionuclide PRG in soil (pCi/g) 
target excess individual lifetime cancer risk (unitless) 
oral (ingestion) slope factor (risklpci) 
external exposure slope factor (risklyr per pCilg) 
exposure frequency (dayslyr) 
exposure duration (yr) 
age-adjusted soil ingestion factor (mg-yrlday) 
gamma shielding factor (unitless) 
gamma exposure time factor (unitless) 

- 
IOd 
radionuclide-specific 
radionuc1ide:specific 
350 dayslyr 
30 yr 
3600 mg-yrlday 
0.2 
1 

~~~~ ~~ ~ 

Source: RAGS Part B; USEPA Region VI11 update 

R9-19-10.WPF 



TABLE 14 
RADIONUCLIDE PRGs: COMMERCIALIINDUSTRJAL SOIL - 

PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

I ~ ~~~~ ~ 

Total risk = RS x ED x [(SF, x lo'' glmg x EF x IL) + (SF, x le g k g  x EF x I& x (l/PEF)) -k (SF, x (1-SJ x TJ 

RS (pcilg; = TR 

risk based) ED x [(SF, x lo3 g/mg x EF x Im 4- (SF, x lo3 g k g  x EF x rrt, x (1lPEF)) '4- (SF, x (1-SJ x TJ] 

where: 

P a m  e ten Definition (units) Default Value 

RS 

SFi inhalation slope factor (risWpCi) radionuclide-speci fic 
SFO oral (ingestion) slope factor (risklpCi) radionuclide-specific ' 

SF, external exposure slope factor (risklyr per pCilg) radionuclide-speci fic 

radionuclide PRG in soil (pcilg) 
TR target excess individual lifetime cancer risk (unitless) 10" 

. EF exposure frequency (dayslyr) 250 dayslyr 
ED exposure duration (yr) 25 Y t  
IR, workday inhalation rate of air (m3/day) 20 m'lday 
IF, daily soil ingestion rate (mg/day) 50 mglday 
PEF particulate emissions factor (m31kg) 4.63 x 109m3kg 
s, gamma shielding factor (unitless) 0.2 
TO gamma exposure time factor (unitless) 0.3 

I 

Source: RAGS Part B; USEPA Region VI11 update 

R9-19-10.WPF 

w 
F 



TABLE 15 

RADIONUCLJDE PRGs: ECOLOGICAL WORKER 
JPRG CALCULATIONS FOR CARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

Total risk = RS 'x ED x [(SF, x 103g/mg x EF x IF,) + (SF, x lo3 g/kg x EF x I& x (IREF)) + (SF, x (1-SJ x TJJ 

RS (pcilg; 
TR - risk based) - 

ED x [(SF,, x lo3 g k g  x EF x I u  4- (SFI x lo3 glkg x EF x I& x (l/PEF)) 4- (SF, x (1-So) x TJ] 

where: 

Parameters Definition (units) Default Value 
RS radionuclide PRG in soil (pCi/g) - 
SFI inhalation slope factor (risldpci) radionuclide-specific 
SFO oral (ingestion) slope factor (risWpCi) radionuclide-speci fic 
SFe external exposure slope factor (risk/yr per pCi/g) radionuclide-speci fic 

exposure frequency (dayslyr) 65 dayslyr EF 
ED exposure duration (yr) 
I R ,  workday inhalation rate of air (m3/day) 20 m3/day 
I F d  daily soil ingestion rate (mg/day) 50 &day 
PEF particulate emission factor (m3/kg) 4.63 x 109m3kg 
S O  gamma shielding factor (unitless) 0.2 

TR target excess individual lifetime cancer risk (unitless) lod 

2.5 yr 

Te gamma exposure time factor (unitless) 0.3 

Source: RAGS Part B; Site-specific information from OUs 4 3 ,  and 6; USEPA Region MLI update. 

R9-19-1O.WPF 



T, BLE 16 

RADIONUCLIDE PRGs: RESIDENTIAL GROUNDWATER USE 
PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

Total risk - - SF, x RW x 1% x EF x ED 

R W  @CilL; 
TR - risk based) - 

EF x ED x SF, x 1% 

where: 

Parameters Definition (units) Default Value 

R W  
TR 
SFO 

. EF 
ED 
R# 

radionuclide PRG in water @Ci/L) 

oral (ingestion) slope factor (risk/pCi) 
exposure frequency (dayslyr) 350 dayslyr 
exposure duration (yr) 30 yr 

target excess individual lifetime cancer risk (unitless) 10-6 
radionuclide-speci fic 

daily water ingestion rate (L/day) 2 Llday 

R9-19-10.WPF 



TABLE 17 

RADIONUCLIDE PRGs: RESIDENTIAL USE OF SURFACE WATER WHILE !WIMMING 
PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

Total risk - - RW x SF, x EF x ED x CR,x  ET 

' RW @Ci/L; 
- risk based) - 

where: 

TR 

SF,x EF x ED x C k  x ET 

Parameters Definition (units) Default Value 

RW 
TR 
SF, 
EF 
ED 
CRW 
ET 

radionuclide PRG in water @Ci/L) 
target excess individual lifetime cancer risk (unitless) 
oral (ingestion) slope factor (risk/pCi) 
exposure frequency (daydyr) 7 days/yr 
exposure duration (yr) 30 Yr 
contact rate (L/hour) 0.05 Lhour 
exposure time (hours/day) 2.6 hourslday 

- 
104 
radionuclide-speci fic 

Source: RAGS Part B; Sitespecific information from OUs 2,5, and 6. 

R9- 19- 1 O.WPF 

CL r 



TABLE 18 

RADIONUCLIDE PRGs: ECOLOGICAL WORKER EXPOSURE TO SURFACE WATER VIA WADING 
PRG CALCULATIONS FOR CARCINOGENIC EFFECTS 

ROCKY FLATS PLANT, GOLDEN, CO 

~~ 

Total risk - - RW x SF, x EF x ED x 1% 

RW @Ci/L; 
TR - risk based) - 

SF, x EF x ED x 1% 

where: 

Parameters Definition (units) Default Value 

RW 
TR 

EF 
ED 

SFO 

1% 

radionuclide PRG in water @Ci/L) 

oral (ingestion) slope factor (risk/pCi) 
exposure frequency (eventslyr) 7 eventslyr 
exposure duration (yr) 2.5 years 
ingestion rate (Llevent) 0.05 Wevent 

- 
10-6 
radionuclide-specific 

target excess individual lifetime cancer risk (unitless) 

~~~~~ ~ 

Source: RAGS Part B; Site-specific information from OUs 5 and 6. . 

R9-19-10.WPF 



TABLE 19 
PROGRAMMATIC PRGs FOR ROCKY FLATS PLANT. 

Chemical 

3.50E-02 b - 4.22E-04 9.36E-01 9.15E+00 
- - 6.07E -03 4.68€+00 4.57E+01 
- - 1.37E-03 1.06E+00 1.03E+01 

3.85E-03 b - 1.08E-02 8.29E+00 8.11E+01 

bisp- Chloro6opopyl)ether 4.00E -02 7.00E-02 b - 
bisp-Ethylhexy1)phthalate 2.00E-02 1.40E-02 - 
Bromodichloromethane 2.00E-02 6.20E-02 - 
Bromoform 2.00E-02 ~ . Q O E - O ~  - 

Commercial 
Soil 

1.23E+05 

2.04E+05 
5.31E-02 - 
6.13E+05 
8.1 8€+02 
7.43E-01 
7.43E-01 
?.ME-01 
7.43E -01 
7.43E-01 
7.43E-01 
7.43E-01 
2.05E-02 
1.43€+05 
3.13€+01 
1.45E-01 
4.92E-01 
- 
4.40E+00 - 
?ME-01 
- 

8.18E+OB - 
1.18E-01 - 
?.WE-01 
2.24E+01 
4.08E+02 
8.23E+01 
2.03E+02 

Wading Soil 

Worker I Worker 
Ecological Ecological 

1.20E-01 1.29€+01 

~~ 

2.19E+04 2.36E+06 
2.92E+01 3.14E+03 

2.86E+01 2.65E-01 
2.65E-01 2.86E+01 

2.85E-01 2.86E+01 
2.65E-01 2.86E+01 

2.65E-01 2.86E+01 
2.65E-01 . 2.86E+01 
2.65E-01 

- I -  

4.75E-01 5.1 2E+01 



TABLE 19 
PROGRAMMATIC PRGs FOR ROCKY FLATS PLANT. 

Target Analyte List 
Chemical 

Residential 
Oral Oral Inhahtion lnhahtion EXtWnal Residential Surface Water 
RfD Slope Factor RfD Slope Factor Slope Factor Goundmter Swimming 

1.40E-03 - 1.43E-03 - - 1.09E-02 3.93E+01 
(rnghg-day) (mghg-day)-' (mghg-day) (mg/kg-day)-' (risk@ per pc ile) (mWL) (WAR) 

- - - - - - - Eromomethane 
4-Eromophenyl phenyl ether 
2-Eutanone &WE-01 - 2.86E-01 - - 2.19E+01 1.68E+04 
Eutybemylphthalate 2.00E-01 - - - - 7.30E+00 5.62E+03 
Cadmium 5.00E-04 6.30E+00 - 6.30E+00 - 1.35E-05 1.04E-02 
Calcium - - - - - - - 

I I 2.32E-03 I 5.04E+00 Chloromethane - - - 
I I - - 4-ChIoro-3-methvl~henol I - - - - - 

2-Chloronaphthalene I 8.00E-02 I - - - - I 2.92E+00 I 2.25E+03 
- - - I 1.82E-01 I 1.40E+02 2-Chlorophenol I 5.00E-03 I - 

4-Chlorophenyl phenyl ether I - - - - - - - I 
Chrorniun 111 I 1.00E+00 I - - I - - I 3.65E+01 I 2.81€+04 . 

Dikomochlotornethane 2.00E-02 8.40E-02 - - - 1.01E-03 7.80E-01 
Di -n - butylphthalate 1.00E-01 - - - - 3.65E+00 2.81E+03 
1.2-Dichlorobemene 9.00E-02 - - 3.28E+00 2.53E+03 
1,3-Dichlorobemene - - - 1.72E+01 - 1.04E-06 3.82E-03 

- - 

Wading 

Soil 

8.75E-07 

1.75E-04 

l -  I -  

- - - 
4.93E-01 I 7.03E-01 I 1.57E+00 
4.93E-01 I 7.03E-01 I 1.57E+00 
4.93E-01 I 7.03E-01 I 1.57E+00 
1.1 OE+03 8.18E+03 2.92E+M 
5.49E+03 3.50E-06 1.46E+03 
- 1.75E-03 - 

1.88E+00 I 2.68E+00 I 6.01 E+OO 
8.77E-02 I 7.84E-01 I 2.80E-01 
- - - 
7.62E+00 6.81E+O1 2.43E+01 
2.74E+04 2.04E+05 7.30E+03 
2.47€+04 1.84E+O5 6.57E+03 

1.19E-01 3.73E-02 5.30E-02 

Soil 
Ecological 



TABLE 19 
PROGRAMMATIC PRGs FOR ROCKY FLATS PLANT* 

Target Analyte List 
Chemical 

1.4-Dichlorobenzene 
3.3'- Dichlorobenzidine 
1.1 -Dichioroethane 
1 .2-Dichloroethane 
1,l -Dichlwoethene 
1,2-Dichlaoethene (Total) 

1.2-Dichloropopane 
cis -1 .3-Dichloropopene 

2.4- Dichbtophenol 

Residential Wading Soil 
Oral Oral Inhalation Inhalation External Residential Surface Water Residential Commercial Ecological Ecological 
RfD Slope Factor RfD Slope Factor Slope Factor Groundwater Swimming Soil Soil Worker Worker 

- 2.40E-02 b 2.29E-01 b - - 3.54E-03 2.73E+00 2.67E+01 1.40E-04 8.52E+01 9.17E+03 
- 4.50E-01 2.86E -02 - - 1.8OE-04 1.46E-01 1.42E+W 1.75E-05 4.54E+W 4.89E+M 

1.00E-01 b - - - - 3.65E+W 2.81E+03 2.74E+04 2.WE+05 7.30E+03 7.86E+05 
- 9.1 OE-02 - - - 1.97E-04 7.20E-01 7.04E+W l.WE+Ol 2.25E+01 2.42E+03 

1.08E-01 1.07E+W 8.25E-01 3.41E+W 3.67E+M 0. WE -03 &WE-01 - 1.20E+00 b 
9.00E-03 b - - - - 3.28E-01 2.53E+02 2.47E+03 1.84E+04 6.57E+M 7.08E+W 

1 .lOE-01 8.42E+01 8.23E+M 6.1 3E+03 2.19E+02 2.36E+04 3.WE-03 - - - - 
6.80E-02 b - - 1.25E-03 9.63E-01 8.42E+W 8.41E+Ol 3.01E+O1 3.24E+03 

- 1.80E-01 b,e - 1.30E-01 b,e - 1.27E-04 3.64E-01 3.56E+W 8.60E+W 1.1 4E+01 1.22E+03 

(mglke-hy) (mglkg-hW (mglkg-hy) (mg/kg-hy)-' (risk& w pCi/s) (m&) (msn) (mente) (mgncg) (mwL) (mencs) 

- 1.67E-05 

- - 



TABLE 19 
PROGRAMMATIC PRGs FOR ROCKY FLATS PLANT. 

Target Analyte List Oral Oral Inhahtion 
Chemical RfD Slope Factor RfD 

Iron 
lsophorone 2.00E-01 9.50E-04 - 

(mg/kg-day) (mg/kg-day)-' (mgkg-day) - - - 
I M A  - - - 

Residential Wading Soil 
Inhalation External Residential Surface Water Residential Commercial Ecological Ecological 

Slope Factor Slope Factor Groundwater Swimming Soil Soil Worker Worker . 

(mg/kg-day)-' (risk& per pci/g) (man) (man) (mglk9) (msnce) (man) (mgks) - - - - - - - - 
- - 8.95E-02 6.89€+01 6.74€+02 6.02E+03 2.15€+03 2.32E+05 - - - - - - - - 

~~ ~~ I Lithium I -  I -  I -  I -  I -  I -  1 -  I -  I -  - - I 

. 
Magnesium - - - - - - - - - - - 
Manganese I 5.00E-03 I - 1 1.14E-04 I - - I 1.82E-01 I 1.40€+02 1 1.37€+03 I 7.00E-08 I 3.65E+M 1 3.93E+04 
Mercury I 3.00E-04b I - - - - 
Methoxychlor I 5.00E-03 I - - - - I 1.82E-01 I 1.40€+02 I 1.37€+03 I 1.02€+04 1 3.85E+M [ 3.93€+04 

I 

' 

3.65€+03 3.93E+05 
1.83E+00 1.40E+03 1.37E+W 1.02€+05 3.65€+03 3.93€+05 

1.02E+05 4-Methyl-2 -pentanone 5.00E-02 - - - - 1.83€+00 1.40E+03 1.37€+04 
2-Methylphenol 5.00E-02 - - - - 
4 -Methylphenol 5.00E-03 - - - - 1.82E-01 1.40€+02 1.37€+03 1.02E+04 3.65E+M 3.93€+04 
Molybdenum 5.00E-03 - - - - 1.82E-01 1.40E+02 1.37E+03 1.02€+04 3.65€+02 3.93€+04 
Naphthalene 4.00E-02 b - - .  - - 1.46€+00 1.12€+03 l.lOE+04 8.18E+04 2.92€+03 3.14€+05 

1.57E+05 Nickel 2.00E-02 - 8.40E-01 b.h - 7.30E-01 5.49€+03 1.29€+00 1.46€+03 5.62E+02 
2-Nitroanline - 
3-Nibmniliie - - - - - - - - - - - 

- 
- - - - - - - - - - 

4 - Niboanilne 
Nitrobenzene 
2 -N itrophenol 
4-Niboohenol 

- - - - - - - - - - - 
5.00E-04 - - - - 1.82E-02 1.40€+01 1.37€+02 1.02E+03 3.65€+01 3.93E+03 

5.06E-01 4.95E+00 3.50E-08 1.58€+01 1.70€+03 - 6.56E-04 - 1.30E -01 5.71E-03 1.30E-01 
- - - - - .  - - - - - - 

1 Tetrachloroethane I 1.00E-02 I 5.20E-02 I 1 - I 2.00E-031 I - I 3.65E-01 I 1.26E+00 I 1.23E+01 I 9.14€+01 I 3.93€+01 I 4.23E+03 ] 

Pentachlorophenol I 3.00E-02 I 1.20E-01 1.83E+03 - - - I 7.08E-04 I 5.48E-01 I 5.34E+00 I 4.77€+01 I 1.70E+01 I 
Phenol I &WE-01 - - - - I 2.19E+01 I 1.68E+W I 1.65€+05 I 1.23€+08 I 4.38€+04 I 4.72€+06 

Pyrene 
Selenium 
Silver 

3.00E -02 - - - - 1.09€+00 8.42E+02 8.23E+03 6.13€+04 2.19E+03 2.36€+05 
5. WE -03 - - - - 1.82E-01 1.40E+02 1.37€+03 1.02E+04 3.65E+02 3.93€+04 

- - - - - - - - - - - 
I Sodium - - - - - - - - - - I - 

'Strontium I &WE-01 - - - - 1 2.19€+01 I 1.68E+04 I 1.65E+05 I 1.23E+OB I 4.38€+04 I 4.72€+08 
Styrene I 2.00E-01 I - - - - I 7.30€+00 I 5.62€+03 I 5.49E+04 I 4.09E+05 I 1.46E+04 I 1.57€+08 



TABLE 19 
PROGRAMMATIC PRGs FOR ROCKY FLATS PLANT' 

' Americiun-241 
Cesiun-I 37 

' Plutonium-239 
Plutonurn-240 

- 2.40E-10 b* - 3.20E-08 b' 4.90E-09 b 1.98E-01 ** 1.53€+02 ** 2.38€+00 *** 6.28E-03 **' 4.76€+03 ** 2.04€+02 *** 
- 2.80E-11 b* - l.90E-11 b4 0.00E+W b 1.70E+00 ** 1.31E+03 ** 2.83E+01 *** 8.68E+M) *** 4.08€+04 ** 4.40€+03 *** 
- 2.30E-10 b* - 3.80E-08 b* 1.70E-11 b 2.07E-01 ** 1.59€+02 ** 3.45E+W *** 5.29E-03 *** 4.97€+03 ** 5.32€+02 *** 
- 2.30E-10 bo - 3.80E-08 b* 2.70E-11 b 2.07E-01 ** 1.59E+02 ** 3.44E+00 *** 5.29E-03 *** 4.97E+03 ** 5.31E+02 **' 



TABLE 19 
PROGRAMMATIC PRGs FOR ROCKY FLATS PLANT' 

Residential Wading 

rarget Analyte List Oral I Oral Inhakition lnhahtion External Residential Surtace Water Residential Commercial Ecological 

Zhemical RfD Slope Factor Rm Slope Factor Slope Factor Groundwater Swimming Soil Soil Worker 

Soil 
Ecological 

Worker 

Radium-226 
Radium-228 
Strontium-89 
Sbontium-90 
Tritiun 
Uranium-233 
Uranium-234 
Uranium-235 
Uranium-238 

= Values given are in units of risk& per pCi/g. 
** = Values given are in units of pCiA 
1.. = Values given are In units of pCVG. 
a = All toxicity values are from IRB, February 1994 unless o t h d o e  noted. 
b = Value from HEAST, 1993. 
c = Values given are for PCEs 
d = Values given are for chlordana 
e = Values given are fu 1.3-dichloropopene. 
t = Values given are for endosutfan 
g = Value given is for a 2.4-DNT12.6-DM mixhrra 
h = Value given is for nickel refinery dust 
i = Value given for arsenic is calculated from an oral unit risk of 5E-5 (Llpg). 
i = Values given for chemicals were calculated from HEAST. 
k = Values given for PAHs were found in the EPA guidance document 'Research and Development - 

Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons.' 
I = Values given for tetrachloroethene are from a US. EPA memo from Office of Research and Development 

Enviromental Crlera and Assessment Office. 

(mflg-day) (mg/kg-day)-' (mflg-day) (mg/kg-day)-' (risk& per pWg) ( m a )  (mgA) (mflg) (mente) (mgR) (m f lg )  
- 1.20E-10 b' - 3.00E-OB b' 1.20E-08 b 3.87E-01 ** 3.05E+02 ** 2.28E+00 *'* 6.65E-02 *'* 9.52E+03 ** 1.22E+M .** 
- 1.00E-10 b* - 6.60E-10 b' 0.00E+00 b 4.76E-01 *' 3.66E+02 ** ?.04E+W *'* 3.02E-01 *'* 1.14€+04 ** 1.23€+03 *** 
- 3.00E-12 b' - 2.90E-12 b' 4.70E-10 b 1.59E+01 ** 1.22E+04 ** 8.64E+01 *** 5.50E+01 '" 3.61E+05 ** 3.26E+03 *** 
- 3.30E-11 b* - 5.60E-11 b* 0.00E+00 b 1,44E+W ** 1.11E+03 ** 2.41E+01 *** 3.46E+W *** 3.48E+04 ** 3.73E+03 *** 

8.44E+03 *** - 1.6OE-11 b' - 2.70E-08 b' 4.20E-11 b 2.98€+00 ** 2.29E+03 '* 4.72€+01 *** 7.44E-03 '** 7.14E+04 ** 
- 1.6OE-11 b* - 2.60E-08 b* 3.00E-11 b 2.98E+00 ** 2.29E+03 ** 4.79€+01 *'* 7.73E-03 *** 7.14E+04 ** 6.76€+03 **' 
- 1.6OE-11 b* - 2.50E-08 b* 2.40E-07 b 2.98E+OO '* 2.29E+03 ** 1.73E-01 **' 7.95E-03 *** 7.14E+04 ** 6.94E+W *** 
- 1.6OE-11 b* - 2.40E-08 b' 2.10E-11 b 2.988+00 '* 2.29€+03 *' 4.84E+01 '" 8.37E-03 *** 7.14E+04 ** 7.01E+03 **' 

- - - - - - - - - - - 


